Energies and lifetimes are reported for the eight Br-like ions with 43 ≤ Z ≤ 50, namely Tc IX, Ru X, Rh XI, Pd XII, 
Introduction
In a recent paper [1] we reported energy levels, lifetimes and radiative decay rates (A-values) for five Br-like ions with 38 ≤ Z ≤ 42, i.e. Sr IV, Y V, Zr VI, Nb VII, and Mo VIII. Similar results for another important Br-like ion of tungsten (W XL) have also been published [2] . Here we extend the range of ions to those with 43 ≤ Z ≤ 50, i.e. Tc IX, Ru X, Rh XI, Pd XII, Ag XIII, Cd XIV, In XV, and Sn XVI. Ions of some of these elements, particularly Ag, Cd, In, and Sn, are important for the studies of laser-produced and fusion plasmas [3, 4] .
Laboratory measurements for energy levels for these Br-like ions are limited to only a few levels -see section 2.
Unfortunately, the theoretical situation is no better, although A-values [5] In XV, and Sn XVI. For the calculations, they adopted the well known and widely used GRASP code [7] , but included only limited CI (configuration interaction). Similarly, they also listed A-values for electric dipole (E1) transitions, but only from the ground state 4s 2 4p 5 2 P o 3/2,1/2 to higher-lying levels. Therefore, there is scope to extend significantly their calculations.
Energy levels
As in our earlier work [1, 2] , we have adopted the fully relativistic multi-configuration Dirac-Fock (MCDF) atomic structure code developed by Grant et al. [7] . Since the code is based on the jj coupling scheme and includes higher-order relativistic corrections arising from the Breit interaction and QED (quantum electrodynamics) effects, it is suitable for the heavy ions considered here. We note that this initial version of the MCDF code has undergone many revisions provided in Tables 1-8 are definitive for all levels and ions, but the LSJ designations may (inter)change depending on the calculations (with differing amount of CI) and/or the codes employed and indeed author preferences.
In Table B we compare energies for the levels of Ru X which are common between our calculations and the measurements of Even-Zohar and Fraenkel [13] . Although there are only 9 levels, the differences are up to ∼4%. For the 4s 2 4p 5 2 P o 1/2 level (2) our energy is lower but is higher for the rest. It is interesting to note that the Breit and QED contributions for level 2 are significant, i.e. -0.00482 and 0.00025 Ryd, respectively, but for others are not. As a result, our Coulomb energy for level 2 is 0.30050 Ryd, much closer to the measurement. Even-Zohar and Fraenkel [13] have also measured energies for a few levels of Rh XI and Pd XII, and these are compared with our results in Tables C and D, respectively. The discrepancies for these levels are similar to those found for Ru X. We also note that the effect of Breit and QED corrections is most dominant on the ground level energy. As an example, the Breit and QED contributions on the ground level energy of Sn XVI are 8.74 and 5.50 Ryd, respectively. However, among higher excited levels their additive contributions are only up to −0.08 Ryd. Tables B, C no appreciable discrepancies between these results and those with grasp, although we do observe some variations in level orderings. This is to be expected because both codes are fully relativistic and a similarity of results has already been noted for a range of ions, including Br-like [1] . Therefore, our conclusion remains the same as earlier [1, 2] that this large expansion of up to 12 137 levels is not helpful in improving the energy levels, although extremely large calculations involving over a million levels (or configuration state functions, CSF) may improve the accuracy as shown by Froese Fischer [15] and Bogdanovich et al. [16] for W XL. Unfortunately, our computational resources do not allow us to perform such large calculations. Additionally, for some Br-like ions, such as Sr IV and W XL, measurements are available for many more levels and therefore it becomes comparatively easier to assess (and/or to improve) the accuracy of calculations, but not for the ions considered here.
Also included in
Finally, we note that there is no discrepancy for any level and ion with the recent results of Goyal et al. [6] 2 . This is in total contrast with their earlier calculations [17] for five other Br-like ions with 38 ≤ Z ≤ 42, which cannot be reproduced as already discussed by us [18] . However, the above eight configurations generate 470 levels in total but [6] reported energies for only 31 levels of the 4s 2 4p 5 , 4s 2 4p 4 4d and 4s4p 6 configurations. This limited expansion of the wave functions reduces the accuracy of the calculated data, as demonstrated by us [18] . Among the present ions of interest we compare our results with their calculations for Sn XVI alone, in Table E . Due to the limited CI included by Goyal et al. [6] , their calculated energies are higher by up to ∼0.3 Ryd, almost the same amount as previously noted for other Br-like ions [18] .
Radiative rates
The absorption oscillator strength (f ij , dimensionless) for all types of transition (i → j) and the radiative decay rate A ji (in s −1 ) are connected by the following expression:
where m and e are the electron mass and charge, respectively, c the velocity of light, λ ji the transition wavelength inÅ, and ω i and ω j the statistical weights of the lower i and upper j levels, respectively. Similarly, the oscillator strength f ij ,
A-values and the line strength S (in atomic units, 1 a.u. = 6.460×10 −36 cm 2 esu 2 ) are related by the standard equations given in [2] .
In Tables 9-16 we present results for transitions in the eight Br-like ions with 43 ≤ Z ≤ 50, from the lowest three to higher excited levels, with the full tables available online in the electronic version. Included in these tables are the transition (energies) wavelengths (λ ij inÅ), radiative rates (A ji in s −1 ), oscillator strengths (f ij , dimensionless), and line strengths (S in a.u.) for ∼18 000 E1 transitions among the lowest 375 levels. The listed wavelengths (and other parameters) are based on the Breit and QED-corrected theoretical energies, given in Tables 1-8 , where the indices used to represent the lower and upper levels of a transition are also defined. Corresponding A-values for ∼27 000 E2, ∼19 000 M1, and ∼25 000 M2 transitions are also included in these tables, as well as the ratio of their velocity (Coulomb gauge) and length (Babushkin gauge) forms, but only for E1 transitions. We also note that (if required) the corresponding results for f-or S-values can be obtained using Eqs. (1) (2) (3) (4) (5) given in [2] , and the number of transitions are not the same for all ions, because their level orderings are not common.
The only data available for comparison purposes are those of Goyal et al. [6] , where there are no discrepancies for calculations performed with the same CI. However, significant differences are noted with the present calculations with larger CI, i.e. among 3990 levels described in section 2. For illustration, we compare the two sets of f-values in Table   F Since this comparison is limited to only 13 transitions, all of which are generally weak, it is difficult to place an accuracy estimate on either of the two calculations. We discuss these further below.
A general criterion to assess the accuracy of radiative rates is to compare the velocity and length forms of A-(f-) values, i.e. R should be close to unity. However, often this is not the case even for strong dipole allowed transitions, as already noted above for 1-27. Nevertheless, we provide some statistics for the E1 transitions of Sn XVI, listed in Table 16 . transitions the ratio R is up to several orders of magnitude for a few, but similar to those noted for other Br-like ions [1, 2] . In conclusion, we may state that for a majority of strong transitions the A-values are accurate to ∼20%, but for some the accuracy is lower. A better assessment of the accuracy of our reported data may perhaps be performed with other calculations, which may be available in future. Finally, there are no discrepancies with the Biémont et al. [5] A-values for the M1 and E2 (4s
Lifetimes
The lifetime τ of a level j is determined as 1.0/Σ i A ji . Since this is a measurable quantity it helps in assessing the accuracy of A-values, particularly when a single (type of) transition dominates. Unfortunately, no measurements of τ are available for the levels of Br-like ions, but in Tables 1-8 we list our calculated results for the lowest 375. The calculations of τ include A-values from all types of transitions, i.e. E1, E2, M1, and M2.
Conclusions
Energy levels and radiative rates (for E1, E2, M1, and M2 transitions) are reported for the lowest 375 levels of eight Br-like ions with 43 ≤ Z ≤ 50, for which the grasp code has been adopted. Lifetimes for these levels are also listed although no other comparable theoretical data or measurements are currently available in the literature. Based on comparisons with the limited measurements our energy levels are assessed to be accurate to better than 4%, for all ions. However, scope remains for improvement. A similar assessment of accuracy for the corresponding A-values is not feasible, mainly because of the paucity of other comparable results. However, for strong transitions (with large f-values), the accuracy for A-values and lifetimes may be ∼20%.
Appendix A. Supplementary data
Owing to space limitations, only parts of Tables 9-16 are presented here, the full tables being made available as supplemental material in conjunction with the electronic publication of this work. Supplementary data associated with this article can be found, in the online version, at doi:nn.nnnn/j.adt.2015.nn.nnn. a: see Table 2 EXP: Even-Zohar and Fraenkel [13] GRASP: present calculations from the grasp code with 3990 levels FAC: present calculations from the fac code with 12 137 levels a: see Table 3 EXP: Even-Zohar and Fraenkel [13] GRASP: present calculations from the grasp code with 3990 levels FAC: present calculations from the fac code with 12 137 levels a: see Table 4 EXP: Even-Zohar and Fraenkel [13] GRASP: present calculations from the grasp code with 3990 levels FAC: present calculations from the fac code with 12 137 levels Lifetime of the level in s Table 9 . Transition wavelengths (λ ij inÅ), radiative rates (A ji in s −1 ), oscillator strengths (f ij , dimensionless), and line strengths (S, in atomic units) for electric dipole (E1), and A ji for electric quadrupole (E2), magnetic dipole (M1), and magnetic quadrupole (M2) transitions of Tc IX. The ratio R(E1) of velocity and length forms of A-values for E1 transitions is listed in the last column.
i and j
The lower (i) and upper (j) levels of a transition as defined in Table 1 . Table 10 . Transition wavelengths (λ ij inÅ), radiative rates (A ji in s −1 ), oscillator strengths (f ij , dimensionless), and line strengths (S, in atomic units) for electric dipole (E1), and A ji for electric quadrupole (E2), magnetic dipole (M1), and magnetic quadrupole (M2) transitions of Ru X. The ratio R(E1) of velocity and length forms of A-values for E1 transitions is listed in the last column.
The lower (i) and upper (j) levels of a transition as defined in Table 2 . Table 11 . Transition wavelengths (λ ij inÅ), radiative rates (A ji in s −1 ), oscillator strengths (f ij , dimensionless), and line strengths (S, in atomic units) for electric dipole (E1), and A ji for electric quadrupole (E2), magnetic dipole (M1), and magnetic quadrupole (M2) transitions of Rh XI. The ratio R(E1) of velocity and length forms of A-values for E1 transitions is listed in the last column.
The lower (i) and upper (j) levels of a transition as defined in Table 3 .
Line strength in atomic unit (a.u.), 1 a.u. = 6.460×10 −36 cm 2 esu 2 for the E1 transitions A E2 ji Radiative transition probability (in s
Ratio of velocity and length forms of A-(or f-and S-) values for the E1 transitions a±b ≡ a × 10 ±b Table 12 . Transition wavelengths (λ ij inÅ), radiative rates (A ji in s −1 ), oscillator strengths (f ij , dimensionless), and line strengths (S, in atomic units) for electric dipole (E1), and A ji for electric quadrupole (E2), magnetic dipole (M1), and magnetic quadrupole (M2) transitions of Pd XII. The ratio R(E1) of velocity and length forms of A-values for E1 transitions is listed in the last column.
The lower (i) and upper (j) levels of a transition as defined in Table 4 . Table 13 . Transition wavelengths (λ ij inÅ), radiative rates (A ji in s −1 ), oscillator strengths (f ij , dimensionless), and line strengths (S, in atomic units) for electric dipole (E1), and A ji for electric quadrupole (E2), magnetic dipole (M1), and magnetic quadrupole (M2) transitions of Ag XIII. The ratio R(E1) of velocity and length forms of A-values for E1 transitions is listed in the last column.
The lower (i) and upper (j) levels of a transition as defined in Table 5 . Table 14 . Transition wavelengths (λ ij inÅ), radiative rates (A ji in s −1 ), oscillator strengths (f ij , dimensionless), and line strengths (S, in atomic units) for electric dipole (E1), and A ji for electric quadrupole (E2), magnetic dipole (M1), and magnetic quadrupole (M2) transitions of Cd XIV. The ratio R(E1) of velocity and length forms of A-values for E1 transitions is listed in the last column.
The lower (i) and upper (j) levels of a transition as defined in Table 6 . Table 15 . Transition wavelengths (λ ij inÅ), radiative rates (A ji in s −1 ), oscillator strengths (f ij , dimensionless), and line strengths (S, in atomic units) for electric dipole (E1), and A ji for electric quadrupole (E2), magnetic dipole (M1), and magnetic quadrupole (M2) transitions of In XV. The ratio R(E1) of velocity and length forms of A-values for E1 transitions is listed in the last column.
The lower (i) and upper (j) levels of a transition as defined in Table 7 . Table 16 . Transition wavelengths (λ ij inÅ), radiative rates (A ji in s −1 ), oscillator strengths (f ij , dimensionless), and line strengths (S, in atomic units) for electric dipole (E1), and A ji for electric quadrupole (E2), magnetic dipole (M1), and magnetic quadrupole (M2) transitions of Sn XVI. The ratio R(E1) of velocity and length forms of A-values for E1 transitions is listed in the last column.
The lower (i) and upper (j) levels of a transition as defined in Table 8 . 
